To reduce the cost of whole herd screening for bovine viral diarrhea virus persistently infected animals, the sensitivity and specificity of an antigen-capture enzyme-linked immunosorbent assay (AC-ELISA) and a microtiter virus isolation ELISA using saline from ear notch samples or pooled serum was determined. Pooled saline from ear notch samples, assayed by AC-ELISA, gave a sensitivity and specificity of 98% and 94%, respectively, for pools containing 2 samples and 72% and 100%, respectively, for pools of 5. The sensitivity of pooled ear notch or serum samples for bovine viral diarrhea virus detection by microtiter virus isolation (sensitivity , 5%) or serum samples for detection by AC-ELISA (sensitivity , 15%) is too low to be used for whole herd screening. Pooling saline from ear notch samples from 2 animals tested by AC-ELISA, however, could provide a less expensive, reliable method for whole herd screening for bovine viral diarrhea virus.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Infection with bovine viral diarrhea virus (BVDV) can lead to the birth of persistently infected (PI) calves, which are the primary transmitters of BVDV. Identification and removal of PI animals is critical to controlling the spread of this economically important disease. To combat the spread of BVDV, the state of Colorado recently began a voluntary eradication program involving the screening of whole herds for BVDV PI animals. Currently there are a variety of diagnostic tests used to detect PI animals, including virus isolation from blood or tissues, immunohistochemical staining of skin samples, reverse transcriptase-polymerase chain reaction (RT-PCR), microtiter virus isolation-enzyme-linked immunosorbent assay (MTVI-ELISA) and antigen-capture-enzyme-linked immunosorbent assay (AC-ELISA). 7, 8, 10, 11 The cost of whole herd screening using any of these methods can be too costly for some cattle operations. 3, 5 However, pooled-sample testing for herds with a PI animal prevalence of 0.5% to 3.0%, using a sensitive diagnostic test may provide a cost-effective method for identifying PI animals in a cattle herd. 6, 7, 8, 12 Due to the low prevalence of BVDV PI animals in most herds, a highly sensitive test (.95%) is desired when testing for PI animals. Because any animal testing positive for BVDV must be retested 2 to 3 weeks after initial testing to confirm a PI diagnosis, regardless of what assay is being used, the specificity of the assay is of less concern. The aim of this study was to assess the performance of a commercially available AC-ELISA and MTVI-ELISA using pooled serum or saline from ear notch samples.
Bovine ear notches and blood samples from known PI animals and BVDV-free animals were collected from diagnostic accessions submitted to Colorado State University Veterinary Diagnostic Laboratory. All samples were individually tested for BVDV by AC-ELISA. Ear notch samples were incubated for 10 minutes in 2-ml 13 phosphate-buffered saline (PBS) per manufacturer's instructions. a A negative AC-ELISA result was used to confirm an animal was BVDV-free. PI status of positive ear notch samples was confirmed by virus isolation from serum samples taken 1 month later. Serum samples, positive by AC-ELISA, were analyzed by RT-PCR to confirm viremia as previously described. 9 McNemar's test with exact binomials was used to determine the sample size required to test the hypothesis that assays being compared are similar at an a 5 0.05 with 0.9 power. The experiments were run under the assumption that clinicians would submit individual samples to the laboratory, where the diagnosticians would pool the samples. Serum and saline from ear notch samples were randomly assigned into pools containing 2, 3, 4, or 5 samples. A total of 265 pools were prepared for each pool size; 212 contained serum or saline from 1 known positive sample, and 53 pools contained serum or saline from known negative samples. A positive pool contained PBS from only 1 positive sample. For ear notch pools, each individual ear notch was incubated in 2-ml 13 PBS, and then 100-ml saline from each sample within the pool was combined. Ear notch samples were kept in separate tubes to better facilitate the testing of individual samples after positive pools were identified. Pools of serum were combined similarly. All pools were assayed for BVDV by AC-ELISA per manufacturer's instructions a and MTVI-ELISA as previously described. 11 The sensitivity of the AC-ELISA and MTVI-ELISA for each pool size was calculated by dividing the number of pools correctly identified as containing BVDV by the total number of pools that did contain a BVDV positive sample, as determined by viral isolation. The specificity was calculated by dividing the number of pools correctly identified as not containing a BVDV positive sample by the total number of pools that did not contain a BVDV positive sample, as determined by viral isolation or AC-ELISA. Z-proportion tests, adjusting for multiple comparisons, were used to determine if there were differences in the sensitivity and specificity between pool sizes for either the AC-ELISA or MTVI-ELISA. McNemar's chi-square test was used to compare the sensitivity and specificity between the AC-ELISA and MTVI-ELISA.
The sensitivity and specificity of the AC-ELISA and MTVI-ELISA for pooled saline from ear notch samples are provided in Table 1 . For all pool sizes the sensitivity of the MTVI-ELISA was ,3% and the specificity was .98%. * BVDV PI animal ear notch samples were diluted in PBS and assayed for BVDV antigen by AC-ELISA. + 5 antigen was detected, 2 5 antigen was not detected. Because of the low sensitivity of the MTVI-ELISA using pools of 2, the sensitivity and specificity for pools of 3 or 4 were not determined. The sensitivity and specificity of AC-ELISA ranged from 98% to 72% and 94% to 100%, respectively, using pools of 2 to 5. The sensitivity of the AC-ELISA was significantly different than the MTVI-ELISA for pools of 2 and 5 (P , 0.05). Sensitivity results from all pool sizes using the AC-ELISA were significantly different from each other, except pools of 2 and 3 (P , 0.008). No significant differences in the specificity between or within assays were observed for any pool size. To determine if the decrease in AC-ELISA sensitivity as pool size increased was caused by the dilution of viral antigen, saline from 2 PI animal ear notch samples were diluted in PBS (pH 7.4). Ear notches from confirmed PI calves gave positive AC-ELISA results at a dilution of 1 : 32 (ear notch 1) or 1 : 100 (ear notch 2). Unfortunately, the viral titer in ear notches was not determined because virus could not be propagated in tissue culture from these samples ( Table 2 ). The sensitivity for serum pools of 2 was 4.76% for MTVI and 14.29% for AC-ELISA. Because of the low sensitivity values (,15%) for both AC-ELISA and MTVI-ELISA using pools containing 2 serum samples (Table 1) , the sensitivity and specificity for pools of 3 or 4 were not determined. To determine if the low sensitivity using pooled serum samples was affected by the presence of neutralizing antibody, serum from 2 known PI animals was pooled with either serum neutralization (SN) negative or SN positive (titer $ 2,048 for both type I and type II BVDV) serum and with each other to determine if the presence of anti-BVDV neutralizing antibodies could affect the results of AC-ELISA or MTVI-ELISA. For 2 different PI animals, pooling of SN antibody positive serum with serum from a known PI animal resulted in negative AC-ELISA and MTVI-ELISA results. When PI serum was pooled with SN antibody negative serum, the AC-ELISA and MTVI-ELISA were positive for BVDV (data not shown).
In conclusion, pooling saline from ear notch samples does appear to be a reliable method to detect PI animals using AC-ELISA. The AC-ELISA detects the Erns glycoprotein of BVDV. 2 The ability of the AC-ELISA to detect antigen in saline from a PI animal ear notch indicates that the concentration of Erns antigen is sufficient to be detected, regardless of whether infectious virus is present. The AC-ELISA may have a lower threshold of detection than the MTVI-ELISA and therefore less virus or antigen is necessary for identification. Erns is an envelope glycoprotein and may be more readily released into the incubation buffer than whole virus. Dilution of saline from 2 PI animal ear notches indicates that the concentration of antigen present in the ears of individual animals may vary ( Table 2 ). The decrease in assay sensitivity with increased pool size may be the result of individual variation of antigen concentration between animals.
The sensitivity of the MTVI-ELISA using pooled saline from ear notch samples is too low to be used for whole herd screening. It is possible that there is some inhibitory substance present in the ear notch sample, preventing infection of bovine turbinate (BT) cells by BVDV. Another potential explanation for the decrease in sensitivity is a lack of infectious virus present in the ear notch. The results from these studies indicate that in at least some ear notch samples, infectious virus is present. For the majority of ear notch samples assayed, however, no replicating virus was detected by MTVI-ELISA. It is possible that the titer of infectious virus leached out of the ear into the PBS is below the detection limit of the MTVI-ELISA. The presence of neutralizing antibody in the PBS is unlikely due to the preparation method.
Although the sensitivity of the AC-ELISA for pooled saline from 2 ear notch samples is less than 100%, it may still be an effective method for reducing the cost of whole herd screening. For large herds, decreasing the cost of testing by 50% may be worth the risk of using a less sensitive test. Previous work has shown BVDV can be eradicated from endemically infected herds even if a PI animal is not correctly identified. 1 Pooling serum samples for testing by AC-ELISA or MTVI-ELISA proved to be inadequate for identification of PI animals. The presence of neutralizing antibodies in BVD virus negative animals prevents infectious virus in PI animal serum from infecting and replicating in tissue culture. The Erns envelope glycoprotein of BVDV induces the production of virus neutralizing antibodies in infected animals. 4 These antibodies probably bind any Erns antigen present in the pooled serum, preventing the AC-ELISA from recognizing the antigen.
Sources and manufacturers a. Bovine virus diarrhea antigen test kit, Idexx Laboratories, Westbrook, ME.
